The main result of this paper is to complete Misiurewicz's characterization of the set of periods of a continuous map / of the circle with degree one (which depends on the rotation interval of /). As a corollary we obtain a kind of perturbation theorem for maps of the circle of degree one, and a new algorithm to compute the set of periods when the rotation interval is known.
1. Notation. We denote by TV, Z, Q and R, as usual, the set of positive integers, integers, rational and real numbers, respectively.
Let S1 be the circle and CX{SX) be the set of continuous maps from the circle into itself of degree one. For a map /g Cx(Sl), P(f) denotes the set of periods of/ (from now on, by period of a periodic point, we will mean the least period of this point).
We consider Sarkovskii's ordering '<-* on N, defined as follows 3^5->7-»9^---->2-3-»2-5^2-7^2-9
-> • • • -► 4 . 3 -* 4 . 5 _* 4 . 7 '-* ... -> • • • -»i6->8->4-»2-»l.
For every je/Vwe denote by Ss the set {n G N: s -* n) U {s}. Also we define S2~ = {1,2,4,.. .,2",...}. Similarly, for every b G N we denote by Bb the set { « g JV: ¿> < «}, and we write Bx = 0.
Let / g CjíS1) and let F be a lifting of/. If x is a periodic point of / of period n and A" is a real number which satisfies that exp(2triX) = x, then we have F"( A") = X + k for some k g Z. We shall call the number k/n the rotation number of x and denote it by p(x) or pF(x). We denote by L(f) or Lf(f) the set of all rotation numbers of periodic points of /. The following statements are known (see [BGMY and M] ).
(1) p(x) does not depend on the choice of X.
(2) If F = F + m, then pF,(x) = pF(x) + m. 1.34 LLUIS ALSEDA AND JAUME LLIBRE (6)Ifam G L(f) for m = 1,2,3,... and a = lim"_0Oam g g, then a e L(f). (7) If/has no periodic points, then the limit lim,,^^ (F"( A") -X)/n exists for all X g R, is independent on X and is irrational.
From the above statements we can write L(f) = [c, d] n g for some c, d ^ R. That is, L(/) is a closed interval (possibly degenerated to one point) on g and, from now on, we shall call it the rotation interval. If / has no periodic points, we take c = d=hm"^00(F"(X)-X)/n. Letj, m be two integers relatively prime; we write (j,m)= 1.
Let/g C^S1) with LF(f) = [c, d]C\ g. If c g g, c = y/»i and (j, m) = 1 (if c is an integer we take y = c and m = 1), then we consider the continuous map of the real line Fm -j. By Sarkovskii's Theorem (see [Sa, St, BGMY] ) there exists sc G TV U {2°°} such that Ss is the set of periods of Fm -j. In a similar way we define sd when d g g. Remark . It is not difficult to show that sc and sd do not depend on the choice of of class Cx, such that P(f) = A.
The set S{c) is characterized by the period m ■ sc and Sarkovskii's ordering, if c = m/j with (m, j) = 1. That is, to compute S(c) for a given map/G C^S1), it is enough to compute sc. In a similar way, we shall characterize the set M(c, d) depending on the usual ordering and on a finite number of periods. Also we shall give an algorithm which computes the set M(c, d) and, in particular, the above finite set of periods. From this point of view, the following two propositions are given in [M] . The first one gives another algorithm to compute the set M(c, d), and the second one is a partial characterization of this set.
In what follows we denote by E: R -* Z the integer part function. From the point of view of the applicability, the interest of having Algorithm D is given by the fact that the computation of M(c, d) can be made essentially by using integer arithmetic, while this is not the case for the algorithm obtained from Proposition 2.
From Theorem A we obtain the following result which is a kind of perturbation theorem (in fact statement (1) (1) For every map /' G C^S1) with L(f') = [c', d'] n g, where c' # d', the change of periods between P(f) and P{f) occurs in a finite number. That is, there exists an n g N such that Bn c P(f) n P(f'). Block's classification of the set of periods of a continuous map of the circle which have a fixed point is given in the following theorem (see [Bl] ).
Theorem 4. If fis a continuous map of the circle into itself such that 1 G P(f), then there exist s g N U {2X} and ¿eiVU {oo} such that P(f) = Ss U Bb. Conversely, for every s g N U {2°°} and b G N U {oo} there is a continuous map f of the circle into itself such that P(f)= SSU Bb.
Theorems 1 and 4 both work for a map /g Cx{Sl) such that 1 g P(f). The following result studies the relation between the above two characterizations of the set P(f). In fact, we obtain a formula to write P(f) as Ss U Bb depending on L(f), sc and sd. Now, the natural question is: What about the converse problem? That is, given P(f), what can one say about L(/)? If we study this problem we shall find that, by using Theorem C and the standard techniques, it is possible to obtain information about L(f) in a nondifficult-but complicated-way. Unfortunately, this computation will be very rough, specially in the case P(f) = N. (1) Let E(c) = r0 < rx < ■ ■ ■ < rn = E(c) + 1 be all the rational numbers with denominators less than E(l/(d -c)) + 2. 
